Introduction
============

Testicular torsion arises from spermatic cord twisting and is an emergency condition. It is essential to surgically reduce torsion and treat acute ischemia. Nonetheless, reperfusion injuries may be resulted after surgical correction of testes due to complex molecular signals which cause progressive damage to the function and structure of the testis.^[@B1]^ This syndrome usually results in infertility of ipsilateral or contralateral testes. The mechanism of cellular injuries is not completely recognized yet.^[@B2]^

Infertility caused by testicular torsion is a consequence of the imbalance between the revival of oxygen supply and mitochondrial respiratory function, resulting in the excessive production of superoxide in mitochondria. Therefore, free oxygen radical scavengers are necessary to reduce oxidative stress and testicular tissue damage.^[@B3]^ Pre-treatment of testicular torsion using antioxidants and enzymes like superoxide dismutase, catalase, melatonin, selenium, caffeic acid, and N-acetylcysteine have prevented testicular ischemia-reperfusion (IR) injuries.^[@B2]^ For instance, the effects of melatonin on spermatogenesis and IR injuries have been evaluated and its antioxidant effect in preventing IR injuries has been documented.^[@B4]^

Ibuprofen which is a non-steroidal anti-inflammatory drug also shows such effect.^[@B2]^ Similarly, Protective effects of erythropoietin^[@B5]^ and vascular endothelial growth factor on testicular IR injury have been reported.^[@B6]^ In previous studies, the effects of N-acetylcysteine and nitric oxide on the protection of testes from IR injuries had been documented.^[@B7],[@B8]^ Betamethasone is a well-known cortico-steroid which has been used for the variety of purposes because of its immunosuppressive characteristics due to inhibition of cytokines.^[@B9]^ Corticosteroids have beneficial effects against IR injuries in several organs such as the brain, kidney, and liver.^[@B10]-[@B12]^

L-carnitine is a natural antioxidant, which has an important role in the utilization of long chained fatty acids for energy production. It has numerous biological activities including anti-inflammatory, anti-apoptotic, cardio-protective, and gastroprotective properties. Furthermore, it involves in sperm metabolism, maturity, mobility, and spermatogenesis by providing energy.^[@B13]^ L-carnitine shows an anti-apoptosis effect in irradiated testes.^[@B14]^ Besides, there is a report regarding the positive effects of cortico-steroids on spermatogenesis in testes suffering from IR.^[@B15]^ These anti-inflammatory agents prevent the free radical formation and have a protective effect on the cell wall. They also prevent the increase of vessels permeability.^[@B16]^

Considering the above-mentioned reports, we hypothesized that both the L-carnitine and betamethasone can prevent testicular IR injuries. Therefore, in the present study, the effects of L-carnitine and betamethasone on testes with IR injuries and sperm parameters were evaluated and compared.

Materials and Methods
=====================

**Ethical consideration.**This study was approved by the Ethics Committee for Animal Investigations of the Faculty of Veterinary Medicine, University of Tabriz (code D/43/7353) in accordance with the Declaration of Helsinki. All invasive interventions involving the rats were done only after proper sedation and anesthesia.

**Study design.**Twenty male adult Wistar albino rats (eight weeks of age and weighing 300.00 ± 10.00 g) were used. The animals were kept at 22.00 ˚C with a 12 hr light/darkness cycles. They had free access to tap water and commercial rat pellets. A period of one week was allowed the animals to acclimatize prior to surgery. A completely randomized design was employed in this experiment. The rats were numbered and divided into four groups of five, using Microsoft Office Excel random number table (version 12.0, Microsoft Corp., Redmond, USA). In the Sham (S) group, scrotal incision and suturing were done. In the Control (C) group, testicular IR in rats was induced without any treatment. In the Betamethasone (BM) group, IR was induced in testicles and BM (0.40%, Sina Darou, Tehran, Iran) was injected. Finally, in the L-carnitine (LC) group testicular IR was induced and L-carnitine hydrochloride (Sigma Chemical Co., Steinheim, Germany) injection was performed as described below. One gram of L-carnitine was dissolved in 5.00 mL of normal saline solution to prepare 20.00% solution.^[@B17]^

**Ischemia-reperfusion induction.**The operation was performed under general anesthesia by intraperitoneal injection of xylazine (10 mg kg^-1^, Alfasan, Woerden, the Netherlands) and ketamine hydrochloride (90 mg kg^-1^, Rotexmedice, Trittau, Germany) combination.^[@B18]^ After aseptic preparation of the scrotal area, the right testis was approached through a midline scrotal incision. In the S group rats, incisions were made in the tunica vaginalis of the right testes, then a suture was placed through the tunica albuginea using 6-0 monofilament polyamide suture (Supa, Tehran, Iran) and the scrotum was closed with the same suture material. The right testes of the other groups were twisted 720° in clockwise direction and fixed at the position by suturing the tunica albuginea to the surrounding tissues using the 6-0 monofilament polyamide suture (Supa).^[@B18]^ Afterward, the scrotum was closed in a simple continuous pattern with the aforementioned suture material. Immediately after surgery, betamethasone (0.10 mg kg^-1^)^[@B19],[@B20]^ and L-carnitine (500 mg kg^-1^)^[@B13]^ were injected intraperitoneally into the animals of the BM and LC groups, respectively. Groups S and C were received normal saline solution intraperitoneally. Six hours after ischemia, the scrotum was opened again and the right testis was untwisted after removing the stay sutures, then the scrotum was closed as previously described. All the rats tolerated anesthesia satisfactorily and recovered from the anesthesia safely.

**Histopathologic evaluations.**The animals were anesthetized again 12 hr after detorsion,^[@B21]^ the testicles were detached, and after separation of the epididymis for sperm parameter evaluations, the remains of the testicles were fixed in 10% neutral buffered formalin solution. The rats were euthanized after biopsy with intraperitoneal overdose of thiopental sodium (50 mg kg^-1^; VUAB Pharma Inc., Roztoky, Czech Republic). Sections with 4.00 μm thickness were prepared from the upper, middle, and lower portions of each testicle and they were stained using hematoxylin-eosin (H&E) method. Mean seminiferous tubular diameter (MSTD) was measured under the light microscope with a graticule eyepiece lens. Ten seminiferous tubules were evaluated and the mean diameter of seminiferous tubules was determined in micrometers.^[@B6]^ Germinal epithelial cell thickness (GECT) was recorded by counting the number of epithelial cells from the basement membrane to the lumen of tubes. Finally, the assessment of spermatogenesis was performed based on Johnsen's mean testicular biopsy scoring (MTBS) criteria, which has ten scores based on the epithelial maturity as follow: 10- Complete spermatogenesis and full organization of the tubules, 9- Many spermatozoa along with disorganized epithelium, 8- A few spermatozoa, 7- Many spermatids with no spermatozoa, 6- Few spermatids, 5- Many spermatocytes without any spermatid, 4- Few spermatocytes, 3- Only spermatogonia, 2- Absence of germ cells, but presence of Sertoli cells, and 1- No epithelial and Sertoli cells in seminiferous tubules.^[@B22]^

**Evaluation of sperm parameters.**Evaluation of sperm parameters was performed based on the World Health Organization's instructions.^[@B23]^ For sperm counting, the epididymides were transferred to the plates containing 5.00 mL of Hams F10 growth medium and they were cut into small pieces to facilitate emerging of spermatozoa. After 10 min, 1.00 mL of this fluid was diluted with 9.00 mL of 2.00% formalin solution. Sperm counting was performed using a Neubauer hemocytometer and then the number of spermatozoa in each mL was calculated.

The epididymis specimens were evaluated on wet slides under the light microscope for sperm motility within 30 min after sampling. About 100 spermatozoa were counted in each slide and this procedure was repeated. The sperms were classified as progressive mobile, non-progressive mobile, and non-mobile.

Eosin staining was performed for the sperm viability evaluations using Diff-Quick rapid sperm staining kit (Avicenna Research Institute, Tehran, Iran). Within 30 min after sampling, 5.00 μL of fluid was mixed with 5.00 μL of 0.50% isotonic eosin solution on slides. After 30 sec incubation at 37 ˚C, thin spreads of sperm samples were prepared and evaluated under the light microscope. The number of dead sperms (red or dark pink heads) and live sperms (white or pale pink heads) was recorded and data was presented as percentage ([Fig. 1](#F1){ref-type="fig"}).

![Evaluation of sperm viability on eosin-stained slides. Dead sperms have red or dark pink heads (white arrows) and live sperms have white or pale pink heads (black arrow) in this staining method](vrf-10-125-g001){#F1}

Eosin stained slides were used to assess sperm morphology. In each sample, 100 spermatozoa were evaluated under the microscope and the percentage of malformed sperms were recorded.

Chromatin quality was evaluated by the Sperm DNA Fragmentation Assay kit (Avicenna Research Institute, Tehran, Iran), in which sperms with different halos were graded. The full halo around spermatozoa indicates normal DNA, and the absence of a halo indicates damaged DNA ([Fig. 2](#F2){ref-type="fig"}). Briefly, 50 μL of the diluted semen sample was added to 100 μL of incubated 0.70% agarose gel and mixed. The mixture (15 μL) was placed onto a super-coated slide, covered with a coverslip, and the slides were kept for 5 min at 4 ˚C in a refrigerator to create a microgel with the contained spermatozoa. After removing the coverslips, a few drops of solution A were added to the slide, and it was incubated for 7 min.

![Evaluation of sperm chromatin quality by sperm DNA fragmentation assay. The full halo around spermatozoa (black arrows) indicates normal DNA and lack of halo (white arrow) indicates damaged DNA](vrf-10-125-g002){#F2}

Afterward, slides were incubated for 15 min in solution B, rinsed with distilled water and dehydrated for 2 min in increasing concentrations of ethanol (70.00%, 90.00%, and 100%). After air-drying, the slides were stained sequentially with solution C for 75 sec, solution D for 3 min, and solution E for 2 min, then rinsed and allowed to dry at room temperature.

**Statistical analyses.**Statistical analyses were performed using Minitab (version 16.2.0; Minitab Inc., Boston, USA). All the results were presented as the mean ± standard deviation (SD). Because of the number of animals in each group, the Kruskal-Wallis test was employed to analyze parameters, and comparisons between groups were performed by Mann-Whitney U-tests. The results were considered significantly different when the *p* value was less than 0.05.

Results
=======

**Histopathology.**The germinal epithelium of most seminiferous tubules was detached from the basement membrane and there were not any spermatozoa in the C group slides. Hemorrhage, hyperemia, and swelling of Sertoli cells (cells with round corners and bulged cell wall) were also visible and the tubules were highly edematous as a result of inflammation due to the intracellular fluid infiltration into the interstitial space in this group. Tubular swelling (enhancement in tubular diameter) was diminished in the BM group and some tubules had disassembled epithelium. The tubular swelling was also lesser in the LC group compared to the C group, but it was greater than the BM group. Most of the tubules had also disassembled epithelium ([Fig. 3](#F3){ref-type="fig"}). Germinal cells detachment was not observed in the S group. MSTD and GECT values in the C group were significantly greater and lesser than the other three groups, respectively (*p*= 0.005 and *p*= 0.02). But the difference of the latter in the LC group compared to the S group was also significant. Based on Johnsen's MTBS criteria, the BM and LC groups had a significant difference (*p*= 0.01) with the other two groups ([Fig. 4](#F4){ref-type="fig"}).

**Sperm parameters.**The sperm count, progressive motility, and total motility in the LC group were significantly greater than the C group but lesser than the S group. The BM and LC groups had significantly less immobile sperms than the C group, and still more than the S group ([Table 1](#T1){ref-type="table"}).

Also, the percentage of viable sperms, as well as healthy sperms with normal morphology in the C group, was significantly less than the other three groups ([Table 1](#T1){ref-type="table"}).

###### 

Sperm parameters (%) in four experimental groups after ischemia-reperfusion. Data are presented as mean ± SD

  **Group**           **Sperm No. (× 10** ^6^ **)**   **Motility**      **Viability**     **Healthy sperms**                                                                
  ------------------- ------------------------------- ----------------- ----------------- -------------------- ----------------- ----------------- ------------------ -- -- --
  **Sham**            19.40 ± 1.90^a^                 45.00 ± 3.00^a^   40.50 ± 3.00^a^   14.50 ± 3.00^a^      55.00 ± 3.00^a^   45.70 ± 0.90^a^   61.90 ± 6.70^a^          
  **Control**         7\. 70 ± 1.50^b^                97.50 ± 0.30^b^   0.50 ± 0.30^b^    2.00 ± 0.30^b^       2.50 ± 0.30^b^    2.80 ± 2.40^b^    28.30 ± 5.20^b^          
  **Betamethasone**   12.20 ± 1.30^bc^                80.00 ± 2.00^c^   7.50 ± 2.00^c^    12.50 ± 2.00^c^      20.00 ± 2.00^c^   38.50 ± 5.30^a^   50.10 ± 3.20^a^          
  **L-Carnitine**     16.70 ± 1.90^c^                 75.00 ± 3.00^c^   17.50 ± 3.00^c^   6.50 ± 3.00^bc^      24.00 ± 3.00^c^   44.70 ± 9.40^a^   52.90 ± 10.20^a^         

Different letters in each column indicate statistically significant differences (*p* \< 0.05).

![Histological sections of testicular tissue of the examined rats. **A** and **B)** Normal structure of seminiferous tubules in the Sham group. The germinal epithelium is attached to the basement membrane (arrow) and the epithelium has normal cellular layers. **C** and **D)** The germinal epithelium in the Control group has detached from the basement membrane in most tubules (arrow). There is not any sperm and the tubules are swollen. **E** and **F)** The swelling of tubules has been diminished in the Betamethasone group. **G** and **H)** The tubular swelling in the L-carnitine group is less than the Control group but still greater than the Betamethasone group, (H&E).](vrf-10-125-g003){#F3}

Finally, the number of sperms with a large halo in the BM and LC groups differed significantly from the S and C groups ([Table 2](#T2){ref-type="table"}).

###### 

Chromatin quality in four experimental groups after ischemia-reperfusion. Data are presented as mean ± SD

  **Group**           **Large halo (%)**   **Without halo (%)**
  ------------------- -------------------- ----------------------
  **Sham**            27.00 ± 3.00^a^      45.00 ± 3.00^a^
  **Control**         8.80 ± 4.00^b^       73.00 ± 2.00^b^
  **Betamethasone**   14.00 ± 2.00^c^      64.00 ± 2.00^c^
  **L-Carnitine**     17.00 ± 5.00^c^      55.00 ± 4.00^c^

Different letters in each column indicate statistically significant differences (*p* \< 0.05).

![**A)** Mean seminiferous tubular diameter (MSTD) values (μm) measured in the experimental groups; **B)** Germinal epithelial cell thickness (GECT) values recorded based on the number of cellular layers; **C)** Johnsen's mean testicular biopsy scoring (MTBS) values calculated in the experimental groups. Different letters indicate a significant difference among the groups (*p* \< 0.05)](vrf-10-125-g004){#F4}

Discussion
==========

Ischemia-reperfusion (IR) injuries are responsible for infertility in males.^[@B2]^ In the present study, presuming that both betamethasone and L-carnitine have a protective effect against testicular IR injuries, their effects on the IR injuries of the rats' testes were compared by histopathology and sperm parameters evaluations.

At least 1-hour of ischemia in testis is necessary to develop testicular damage in rats.^[@B24]^ Therefore, a 6-hour period of induced ischemia in the testis of rats in the present study seems to be sufficient for investigating the testicular damage. Ischemia alone leads to xanthine oxidase activation, which produces superoxide radicals. Moreover, leukocytes migrate into the affected tissue during ischemia, which will produce reactive oxygen species (ROS) in the reperfusion period.^[@B25]^ Following detorsion of the twisted testis, some alterations in the biochemistry and morphology of testicular tissue may occur. Reperfusion increases the apoptosis and tissue damage.^[@B26]^ A membrane-bound enzyme complex NADPH oxidase is suggested as an important source of ROS following IR injury in testis.^[@B27]^ Oxidative stress resulting from ROS has a role in sperm damage during reperfusion.^[@B28]^ Cellular proteins, membrane lipids, and DNA undergo oxidation as a result of ROS activity.^[@B29]^

L-carnitine mainly involves in fat metabolism in the body tissues. It helps in transporting long-chained fatty acids inside mitochondria and subsequent energy production.^[@B30],[@B31]^ It has been suggested that L-carnitine has a key role in sperm metabolism, as well as production, maturity, and motility of spermatozoa^[@B32]^ that is consistent with our results, in which L-carnitine could significantly increase sperm counts and motility. Other beneficial effects such as anti-inflammatory, antioxidant, and anti-apoptotic activities have also been attributed to L-carnitine.^[@B33]-[@B35]^ Anti-apoptotic properties of carnitine favored its usage to prevent cell death due to IR injuries to various organs.^[@B36]^ In spite of various mechanisms of action attributed to carnitine in increasing the sperm counts and quality, in a review article about the role of L-carnitine in the male reproductive system, it was concluded that this latter property (i.e. anti-apoptotic) is the major mechanism in preventing testicular germ cell injuries.[@B30] Therefore, this substance is used in the treatment of infertility in males.^[@B37]^ Several researchers have emphasized on protective activity of L-carnitine against DNA damage, as well as oxidants reduction.^[@B38]-[@B40]^ Furthermore, carnitine can enhance sperm parameters in epididymis including motility, maturity, and number. Naturally, epididymis has a high concentration of carnitine, which enables sperm respiration and motility by enhancing oxidation process. Because of this property, this agent is used to increase sperm motility in asthenozoospermic patients.^[@B30],[@B41]^ Deliktas *et al*. reported that L-carnitine reduces seminiferous tubules' edema, and disturbances in the germinal epithelium, basement membrane, and tubules in rat testicles encountering IR injuries,^[@B42]^ which were in agreement with the results in the present study.

Similarly, in a research work by Mogilner and coworkers, they demonstrated that reduction of seminiferous tubules' edema and improvement in the germinal epithelium, basement membrane, tubules structure, and spermatogenesis can be expected after injecting dexamethasone to the rats suffering from testicular IR injuries.^[@B15]^ Corticosteroids have anti-inflammatory, immunosuppressive, pro- and anti-apoptotic (mostly apoptotic in the reproductive system), and antiproliferative effects.^[@B43],[@B44]^ They are acting as cytoprotective agents in different tissues. Hammer *et al*. reported that glucocorticoids protect fibroblast cells because of their antiapoptotic effect, despite suppressing their proliferation. This may be contributed to decreasing NF-κB activation, which can encourage apoptosis.^[@B45]^ However, there is a report showing that dexamethasone cannot reduce apoptosis in ischemic testicles.^[@B15]^ Anyways, corticosteroids reduce ROS formation through both inhibition of phospholipase A2, and leukocyte activity recuperation.^[@B16]^ The results of a study by Mertoglu *et al*. showed that methylprednisolone can reduce protein oxidation and lipid peroxidation in rat testicular tissue following IR.^[@B46]^ Hence, this mechanism of action is more likely to be involved in preventing testicular IR injuries.

Considering some similarity in the mechanism of action of corticosteroids and L-carnitine including antiapoptotic and antioxidant properties, the results of this study can be justified. In the present study, both betamethasone and L-carnitine could improve the sperm viability, and preserve more healthy cells compared to the Control group. Although, the differences in these parameters and also the counts, total motility, and chromatin quality of the sperms between rats treated with these two agents were not significant. Tubular swelling in the L-carnitine group was greater than the Betamethasone group, which can be attributed to the anti-inflammatory nature of corticosteroids.

Additionally, spermatogenesis assessed with Johnsen's criteria in both groups BM and LC was significantly better than the C group, similar to findings of Dokmeci and coworkers.^[@B12]^ However, MSTD was insignificantly lower in the IR group in their study, which seems to be on the contrary to our results. In fact, IR injury causes interstitial edema and those researchers corroborated this finding. Therefore, the increase in MSTD in our study may be due to this mechanism. GECT was assessed for a clear description of the thickness of the seminiferous tubules. A thicker germinal epithelium in IR injury could be the sign of an effective intervention.^[@B47]^ In this regard, in the L-carnitine and betamethasone treated groups, the thickness of the seminiferous tubules were significantly higher than those in the Control group, indicating the effectiveness of betamethasone as well as L-carnitine in protecting the testicular tissue. The difference between these two groups was also insignificant.

The results of this study revealed the protective effects of L-carnitine and betamethasone on short-term reperfusion injuries of rat testicles. The effects of these agents on long-term injuries need to be further studied.

In conclusion, the results of this study showed that L-carnitine and betamethasone can have beneficial effects on testicular IR injuries of rats, both in preventing testicular tissue damage, and improving sperm characteristics, including sperm counts, mobility, viability, healthy sperm percentage, and chromatin quality, despite they may act through different mechanisms of action. Although, in betamethasone treated rats better improvement in tissue characteristics was observed and, in L-carnitine treated rats enhancing sperm parameters was superior to betamethasone treated rats.
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